. Cytology and reproductive behavior of hybrids between Paspalum urvillei and two hexaploid P. dilatatum biotypes. Genome, 35: 1002-1006. Sexual, tetraploid (2n = 4x = 40) vaseygrass (Paspalum urvillei Steud.) was crossed with two apomictic, hexaploid (2n = 6x = 60) dallisgrass (P. dilatatum Poir.) biotypes (Uruguayan and Uruguaiana) to determine their relationships and the reproductive behavior of the hybrids. One vaseygrass x Uruguayan and two vaseygrass x Uruguaiana hybrids were studied and all had 2n = 5x = 50 chromosomes. The mean pairing meiotic association for the vaseygrass x Uruguayan hybrid was 10.18 I and 19.91 11, and for the two vaseygrass x Uruguaiana hybrids was 10.28 I, 19.82 11, 0.006 111, and 0.01 IV. These findings indicate that the parents of both hybrids have two homologous genomes. Because vaseygrass and Uruguayan dallisgrass have the genome formulas IIJJ and IIJJXX, respectively, their hybrid has the formula IIJJX and the two homologous genomes are the I and J genomes. Likewise, chromosome pairing in the vaseygrass x Uruguaiana hybrids demonstrates that both species have two similar genomes, I and J. The Uruguaiana biotype usually has 8-10 univalents per cell and these result from the failure of some members of the third genome to pair. Thus the Uruguaiana biotype has different forms of the X genome, and its genome formula may be designated as IIJJXX,. Cytologically all three hybrids were facultative apomicts but their uniform F, progeny indicates that only the apomictic embryo sacs are functional. Seed fertility ranged from 10.8 to 16.2%. chromosomes chez les hybrides des graminees de Vasey x Uruguaiana demontre que les deux especes ont deux genomes similaires, soit I et J. Le biotype Uruguaiana possede habituellement de 8-10 univalents par cellule, lesquels resultent de l'incapacite de certains membres du troisieme genome de s'apparier. I1 s'ensuit que le biotype Uruguaiana possede des formes differentes du genome X et que la formule de ce genome peut &re designee : IIJJXX,. Cytologiquement, les trois hybrides sont des plantes apomictiques facultatives, mais leurs descendances F,, uniformes, indiquent que seuls les sacs embryonnaires apomictiques sont fonctionnels. La productivite en grains a varie de 10,8-16,2%. 
Introduction
Vaseygrass (Paspalurn urvillei Steud.) and dallisgrass (P. dilataturn Poir.) are closely related members of the Dilatata taxonomic group (Chase 1929) . Both species are native to South America but have become naturalized in many warmer regions of the world, including the southern United States. They are important forage grasses, especially the common dallisgrass biotype.
The two dallisgrass biotypes used in this study, the Uruguayan and Uruguaiana, are both hexaploid aposporous apomicts with 2n = 6x = 60 chromosomes. The Uruguayan is meiotically more stable and its chromosomes typically pair as 30 bivalents, whereas those of the Uruguaiana biotype usually associate as 25 bivalents and 10 univalents . The Uruguayan biotype is larger with a more upright growth habit. It is indigenous to a small area of northwestern Uruguay, while the Uruguaiana biotype grows in a small area of the western portion of Rio Grande do Sul in southern Brazil. Because of their morphological and cytological similarities and the geographical proximity of their areas of adaptation, they may have similar backgrounds. The Uruguayan biotype has the genome formula IIJJXX (Burson 1991a) , but the genomic composition of the Uruguaiana form is undetermined. Based on its meiotic pairing behavior, Moraes Fernandes et al. (1 968) originally proposed the genome formula AAAlA2BB for the Uruguaiana biotype but later changed it to AIAIBIBICE (Moraes Fernandes et al. 1974) . Burson et al. (1991) reported that the biotype had three distinct genomes and proposed the generic formula AABBC1C2.
Vaseygrass is a stout erect perennial that usually grows in clumps on rather moist soils in ditches and disturbed sites.
It is readily grazed while young and is sometimes used for hay. The grass is native to southern Brazil, Uruguay, and eastern Argentina. It is a sexual tetraploid with 40 chromosomes that pair as 20 bivalents during meiosis (Bashaw et al. 1970) . It has the genome composition IIJJ (Burson and Bennett 1972; Burson 1979 ) similar to the yellow-anthered dallisgrass biotype (Burson 1983; Caponio and Quarin 1990) .
The objectives of this study were to determine the relationships of the Uruguayan and Uruguaiana dallisgrass biotypes with vaseygrass, to establish the genomic composition of the Uruguaiana biotype, and to determine the reproductive behavior of the hybrids.
Materials and methods
Plants used were vaseygrass (PI 509008) and dallisgrass (Uruguayan biotype, PI 404820, and Uruguaiana biotype, PI 404444). The vaseygrass accession was collected near Ivoti, Rio Grande do Sul, Brazil, approximately 45 km north of Porto Alegre. The Uruguaiana biotype was also collected in Rio Grande do Sul, 70 km east of Uruguaiana. The accession of the Uruguayan biotype was collected 110 km northeast of Paysand& Uruguay.
All crosses were made using vaseygrass as the female parent. Several clones of this accession were grown in pots inside a heavily shaded, air-conditioned greenhouse maintained at 18-2 1 " C. These plants flowered between 07:OO and 09:OO and required hand emasculation using a technique described previously (Burson 1985) . The two dallisgrass biotypes, grown in a field nursery, were used as the pollen sources. The pollination procedure is described elsewhere (Burson 1985) .
At maturity, seeds were harvested, cleaned, counted, and germinated. All seedlings were planted into small pots in a greenhouse and transplanted into a space-planted field nursery the following spring. Later in the summer the putative hybrids were identified by their appearance.
Hybrids were verified by counting the somatic chromosomes in root tips using a technique described earlier (Burson 1991a) . After verification, inflorescences of the hybrids were collected, fixed in Carnoy's solution (100% ethanol -chloroform -glacial acetic acid, 6:3:1) for approximately 1 h, and stored in 70% ethanol to study microsporogenesis. Pollen mother cells (PMCs) were stained with acetocarmine and examined using phase-contrast microscopy.
Material used for studying megasporogenesis and embryo sac development was collected from the hybrids and their progeny growing in a field nursery and fixed in 70% ethanol -glacial acetic acid -37% formaldehyde, 18: 1: 1. Spikelets with ovaries in different stages of development were removed from the inflorescences, dehydrated in a tertiary butyl alcohol series, embedded in paraffin, sectioned at 15 pm, and stained in Safranin-0 fast green series.
Pollen stainability, an estimate of viability, was determined using a potassium iodide solution. A minimum of 500 pollen grains was observed at random. Seed set was determined (Burson and Bennett 1971 ) from all the spikelets on one to three inflorescences of each hybrid. A minimum of 15 progeny from each hybrid was planted in a space-planted field nursery and used in determining the mode of reproduction of the hybrids.
Results
Two hybrids were recovered from each cross (Table 1) . Percent crossability was low for both crosses, but it was higher for the vaseygrass x Uruguaiana dallisgrass cross (Table 1 ). The overall crossability between vaseygrass and these two dallisgrass biotypes was less than expected, considering their close taxonomic relationships.
Vaseygrass x Uruguayan dallisgrass
One hybrid died after the first growing season and was not used in this investigation. The surviving hybrid was a short semidecumbent plant about 70 cm in height, whereas both parents were in excess of 1 m. Its inflorescences were smaller than those of the parents. Each inflorescence consisted of 5-12 short racemes about 3-5 cm long. Vaseygrass inflorescences normally have 14-20 racemes ranging in length from 4 to 10 cm. Those of the Uruguayan biotype had 8-15 racemes ranging from 4 to 8 cm in length. The hybrid spikelets were about the same size (2.0-2.5 x 1.5-1.8 mm) as those of vaseygrass, smaller than dallisgrass, but the degree of pubescence was similar to dallisgrass. The hybrid had yellow anthers and purple stigmas, similar to vaseygrass. Cytological characteristics of vaseygrass and both dallisgrass biotypes are included in Table 2 for comparison with the hybrids. Information regarding the type of bivalent pairing in the Uruguayan and Uruguaiana accessions is not listed, but in both most bivalents were synapsed as rings .
Both vaseygrass and Uruguayan dallisgrass were meiotically stable. Their hybrid had 2n = 5x = 50 chomosomes that associated essentially as 10 univalents and 20 bivalents during diakinesis and metaphase I ( Fig. 1 ; Table 2 ). Most univalents resulted from the pentaploid nature of the hybrid in which chromosomes of one genome lacked sister homologs. Univalents in excess of 10 were from the precocious separation of bivalents. Essentially all bivalents were well-synapsed rings ( Fig. 1; Table 2 ). Laggards and micronuclei were frequently observed during both anaphase I and 11, and telophase I and 11, respectively, owing to the high number of univalents. Pollen stainability for the hybrid was 12.2%.
Thirty progeny from open-pollinated seed of the vaseygrass x Uruguayan hybrid were grown in a space-planted field nursery. Twenty-eight were uniform and identical to the F1 hybrid, but two plants were different. The off-types were about 1.5 m tall and resembled vaseygrass. Both had 70 chromosomes, which indicates they resulted from the fertilization of unreduced eggs (2n + n or BIII hybridization).
A total of 84 ovules from the F1 hybrid and 243 from six F2 progeny were examined to observe megasporogenesis and subsequent embryo sac development. Following megasporogenesis, active nucellar cells were frequently observed. Both sexual and apomictic sacs were present at anthesis. Table 3 shows the number of mature ovules with sexual and (or) apomictic embryo sacs in the F1 hybrid and its F2 progeny including the two with 70 chromosomes. Vaseygrass x Uruguaiana dallisgrass Phenotypically, both hybrids were similar and were large upright plants approximately 1.9 m tall. Their growth habit more closely resembled vaseygrass than the Uruguaiana biotype. The Uruguaiana biotype is more semidecumbent, Uruguaiana biotype were 20-23 cm long with 8-20 racemes similar to the common biotype and seldom exceeds 1 m in ranging in length from 2 to 1 1 cm. Spikelet size of the height. The inflorescences of both hybrids were similar and hybrids (2.7-3.4 x 1.7-2.0 mm) was intermediate to the ranged in length from 17 to 24 cm. They had 12-21 racemes parents. The amount of pubescence on the hybrid spikelets that were 2-10 cm long with the longer racemes at the base was similar to that of dallisgrass. The primary difference and the shorter ones at the top. Inflorescences of the between the two hybrids was floret color; one had purple 
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Total anthers and stigmas, and the other had yellow anthers and purple stigmas. Both hybrids had 2n = 5x = 50 chromosomes which associated primarily as 10 univalents and 20 bivalents (Fig. 2) , with an occasional trivalent or quadrivalent (Table 2) . Most bivalents were synapsed rings ( Fig. 2 ; Table 2 ). As expected with the high frequency of univalents, laggards and micronuclei were present at anaphase I and 11, and telophase I and 11, respectively. Pollen stainability of the two hybrids was 5.6 and 9.0%.
Thirty-seven and 15 F2 progeny from hybrids 1 and 2, respectively, were grown in a nursery. All were uniform and similar to their maternal F1 hybrid. Megasporogenesis and embryo sac development were observed in 186 and 57 ovules in hybrids 1 and 2, respectively. In addition, 186 ovules were examined in seven F2 progeny of hybrid 1 and 164 in five progeny of hybrid 2. Behavior in both hybrids and their F2 progeny was similar to that reported for the vaseygrass x Uruguayan hybrid in that shortly after megasporogenesis, some of the nucellae cells in the ovules became active. By anthesis, the ovules had one of the following: (i) a sexual sac; (ii) one or more apomictic sacs; (iii) both sexual and apomictic sacs; or (iv) deteriorated sacs ( Table 3) . Seed fertility in hybrids 1 and 2 was 15 and 11 %, respectively.
Discussion
Chromosome pairing in these hybrids provides new information regarding species relationships and confirms the relationship between uninvestigated species with known genome compositions. The pairing behavior in the vaseygrass x Uruguayan hybrid was expected because both species possess the I and J genomes (Burson and Bennett 1972; Burson 1979 Burson , 1991a . However, because there are different forms of the I and J genomes (Burson 1978 (Burson , 1985 Burson and Quarin 1982; Quarin and Norrmann 1990) , it is important to know the degree of homology between the members of the I and J genomes in these two species. The high bivalent frequency and the number synapsed as rings (Table 2) indicate a very close relationship of the I and J genomes in both species. Interestingly, the bivalent frequency in this hybrid is slightly higher than that reported for the hybrids between sexual tetraploid yellow-anthered dallisgrass (IIJJ) and the Uruguayan biotype (Burson 1991a) . A recent theory concerning .the origin of common dallisgrass proposed that a sexual tetraploid species with the genome composition IIJJ, such as yellow-anthered dallisgrass or vaseygrass, was the female parent in a natural cross with the Uruguayan biotype (Burson 1991a) . Data in Table 2 support vaseygrass as a possible progenitor; however, morphologically the hybrids recovered using the yellow-anthered biotype as a female parent more closely resembled common dallisgrass than the hybrids with vaseygrass. This could be misleading because over 40 yellow-anthered x Uruguayan hybrids were produced, whereas, only two hybrids were recovered from the vaseygrass x Uruguayan cross. Types similar to common dallisgrass might have been recovered from a larger hybrid population. Either of these two sexual species remain .the possible female progenitor of common dallisgrass.
Since vaseygrass has the genome formula IIJJ and essentially 20 bivalents were present in the vaseygrass x Uruguaiana hybrids, it can be concluded that the Uruguaiana biotype has the I the J genomes. The high frequency of ring bivalents (Table 2) indicates that the forms of the I and J genomes in these two species are similar. This pairing behavior was not expected because of the meiotic irregularities, primarily univalents, in the Uruguaiana biotype ; Table 2 ). Because members of the I and J genomes paired so strongly in the two F1 hybrids, the homologs of the I and J genomes in the Uruguaiana biotype must be similar. Thus, the univalents in the Uruguaiana biotype must result from the lack of pairing between members of the third genome, which will tentatively be designated as X. The letter X denotes unidentified genomes in the Uruguayan, Uruguaiana, and common bio-types but does not indicate that all three biotypes share the same unknown genome. The X is merely an arbitary notation for an unidentified genome. Since the Uruguaiana biotype has the genome formula IIJJXX, the lack of pairing between homologs of the X genome indicate different forms of this genome. Thus, the formula for .the Uruguaiana biotype is best denoted as IIJJXX2, which conforms to the generic formula proposed by Burson et al. (1991) . The I and J genomes are prevalent in members of the Dilatata group in that yellow-anthered dallisgrass and vaseygrass have the formula I1 J J, common dallisgrass has I1 J JX, Uruguayan has IIJJXX, and Uruguaiana has IIJJXX2. The source and identity of the X genome remains unknown, but recent findings revealed that some members of the X genomes in common and Uruguayan dallisgrasses are similar (Burson 1991 b) . However, apparent differences between homologs of the X genome in the Uruguaiana biotype indicate there are different forms of this genome. These findings demonstrate that the Uruguayan and Uruguaiana biotypes are not as close as formerly thought and may have originated from different progenitors. Because both dallisgrass biotypes reproduce by aposporous apomixis, apomixis was expected in the Fl hybrids. The uniform F2 progeny indicates the F1 hybrids were highly apomictic. Embryo sac analyses showed that all of the hybrids and those progeny examined produced both sexual and apomictic embryo sacs, and cytologically are faculative apomicts. However, the mature sexual embryo sacs observed are apparently nonfunctional and abort because of irregular meiosis. This accounts for the uniformity of the progeny except for the two off-type plants from the vaseygrass x Uruguayan hybrid. The appearance and chromosome number (2n = 7x = 70) of these plants indicate that unreduced eggs in apomictic sacs in the F1 hybrid were fertilized by sperm from surrounding vaseygrass plants. Since the two off-type plants originated from apomictic sacs, the progeny data indicates that all three hybrids behaved as obligate apomicts.
These findings demonstrate the importance of apomixis as an escape mechanism from sterility in wide hybrids. Even though sexual embryo sacs were produced, only apomictic sacs were capable of producing offspring. There are numerous examples where apomixis has preserved what otherwise would be sterile interspecific hybrids (i.e., pentaploid common dallisgrass). It is usually assumed that such hybrids reproduce only by apomixis, but these findings demonstrate that the sexual mechanism may remain partly functional.
Recovery of the BIII hybrids from the fertilization of unreduced eggs in apornictic sacs demonstrated that different forms can result from BIII hybridization in an apomictic population. Bashaw et al. (1 992) reported similar findings in Penniseturn hybrids. This phenomenon allows for the transfer of whole genomes from one species to another and is an unique method for gene transfer. In the vaseygrass x Uruguayan BIII hybrids, there were more vaseygrass genomes than in a typical BIII hybrid because the 2n + n fertilization occurred in an apomictic F1 hybrid with vaseygrass as the recurrent parent, which makes these Bill hybrids backcross products. Thus, this phenomenon is a powerful means of speciation through genome build up and preservation as well as the creation of new genotypes. It also has potential as a breeding tool for gene transfer.
